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抑制作用，而且发现福建牡蛎幼体对 1500 ppm 酸化程度有一定的耐受性。 
2. 海洋酸化条件下福建牡蛎幼体数字基因表达谱分析 
通过对正常条件下和海洋酸化条件下的福建牡蛎担轮幼体、D 型初期幼体和
D 型 2d 幼体进行高通量测序，分别两两比较后获得差异基因 5317 个、74 个和




通过全胚原位杂交技术发现 Tyr3、TGF-β 信号通路和 BMP 信号通路均参与
福建牡蛎幼体 InCaS 生物发生。在酸化条件下， TGF-β 信号通路相关基因表达
受到抑制，而 Tyr3 基因和 BMP 信号通路相关基因表达上调。形态学研究结果显
示，在海洋酸化条件下福建牡蛎面盘幼体贝壳生长缓慢且个体偏小，畸形率高，






















熟的 WISH 方法探究 Tyr3、TGF-β 信号通路和 BMP 信号通路相关基因的功能，
并用 qRT-PCR 技术研究了海洋酸化条件下它们的表达情况，结果显示，它们与
InCaS 生物发生和贝壳生长有关，在酸化条件下，TGF-β 信号通路相关基因表达





















Nowadays anthropogenic CO2 emissions are acidifying the world’s oceans. A 
growing body of researches on calcifying marine invertebrates demonstrate that ocean 
acidification can impact survival, growth, development and physiology. However, 
limited information was available concerning the impacts of ocean acidification on 
Fujian oyster Crassostrea angulata larvae. In laboratory experiments designed to 
mimic seawater chemistry in future oceans, we tested the impacts of short-term 
exposure to elevated pCO2 (1500 ppm and 3000 ppm, compared to control 400 ppm) 
on Crassostrea angulate, one of the most important economic aquaculture varieties. 
In this study, we use morphology technology and molecular technology to study the 
Crassostrea angulata larvae after exposed to ocean acidification. The main results are 
as follows: 
1. The influence of ocean acidification on shell development of Crassostrea 
angulata larvae 
We found that 1500 ppm pCO2 exposure had no significant influence on 
Crassostrea angulata larvae, while the larvae exposed to 3000 ppm pCO2 were 
smaller than those cultured in control, and the shell growth was slower. In additional, 
the aberration rate of larvae was increased. Further we found that ocean acidification 
certainly inhibited the calcium deposition of Crassostrea angulata 4 days D-veligers 
using Scanning electron microscope combined with energy disperse spectroscopy 
analysis. Furthermore we concluded that Crassostrea angulata larvae can tolerate the 
impaction of ocean acidification at 1500 ppm pCO2. 
2. The digital gene expression profiles analysis of Crassostrea angulata larvae after 
exposed to ocean acidification 
Digital gene expression profiles of Crassostrea angulata trochophores, early 
D-veligers and 4 days D-veligers after ocean acidification exposure were assessed. 
After comparing with controls we respectively got 5317, 74 and 2641 differentially 
expressed genes. Gene ontology enrichment analysis and Pathway enrichment 















inhibited the genes and pathways participated in embryonic development, energy 
metabolism and calcium ion conduction, thus leading to the delay of larvae growth. 
3. The preliminary study on the genes involved in the formation and development of 
Crassostrea angulata larvae shell after exposed to ocean acidification 
Through the whole mount in situ hybridization (WISH) we found Tyr3, TGF-β 
signalling pathway and BMP signalling pathway are involved in the biogenesis of 
Crassostrea angulata larvae InCaS. Under ocean acidification, the expression of 
genes involved in TGF-β signalling pathway was restrained, while Tyr3 and genes 
participated in BMP signalling pathway upregulated their expression. However, the 
results of the morphological study released that larvae shells can still grow in a slower 
rate, and the aberration rate was increased. Therefore, we suggested that the 
upregulation of Tyr3 and BMP signalling pathway cannot compensate the damage of 
ocean acidification. 
We use Scanning electron microscope combined with energy disperse spectroscopy 
analysis to study the impacts of ocean acidification on the shell elements. The results 
released that the calcium deposition was inhibited by ocean acidification. We took 
good advantages of RNA-Seq technology to evaluate the influences of ocean 
acidification on Crassostrea angulata larvae during early development. We found that 
ocean acidification mainly inhibited the function of signalling pathways which 
involved in the early embryonic development, energy metabolism and calcium ion 
conduction, thus led to the delay in larvae growth. Using the whole mount in situ 
hybridization to explore the function of Tyr3 and genes involved in TGF-β and BMP 
signalling pathways. The results showed that these genes were concerned with InCaS 
biogenesis and shell development. Further we used qRT-PCR to explore the gene 
expression patterns under ocean acidification. We found that the genes involved in the 
TGF-β signalling pathway were downregulated their expression, while the expression 
of Tyr3 and genes involved in BMP signalling pathway were increased. Considering 
the results of morphology researches, we supposed that after exposed to ocean 
acidification, the upregulated expression of some genes and signaling pathways 















larvae shell was decreased and the abnormality was elevated. 
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1950~2007 年间世界牡蛎产量由 20 万吨增至 439.7 万吨。1980 年以后，中国牡
蛎养殖产量迅猛增加，尤其是近 10 年来中国牡蛎年产量均在 300 万吨以上，约
占世界牡蛎产量的 80%（FAO, 2009）。我国牡蛎养殖以福建养殖面积最大，产
量最高，养殖品种以福建牡蛎为主（Cai et al., 2008; 曾志南等, 2011）。 
众所周知，CO2等温室气体排放导致全球变暖，而海水会通过吸收 CO2缓解
这一状况。据 IPCC 预测，到 21 世纪末，大气 CO2含量会达到近 1000 ppm，相
当于海水 pH 下降 0.45 个单位；预计在接下来的三个世纪，若大气 CO2不加抑












计，迄今排放到大气中的30%的CO2被海洋所吸收（Doney et al., 2009）。海洋的
存在延缓了由CO2导致的全球变暖的速度，可同时也引起了海洋自身的酸化。据
统计，大气CO2的全球平均浓度从工业革命前的280 ppm增加到目前的380 ppm左
















2100年，海洋酸化可能使海洋表层海水pH值下降0.14~0.35个单位（Meehl et al., 
2007; Orr et al., 2005），到2250年则会下降0.7个单位。相较于气候变化，海洋酸
化是个相对简单的化学动态平衡过程： 


























降（Li et al., 2013）。Talmage 等人通过对两种双壳贝类（Mercenaria mercenaria
和 Argopecten irradians）在工业革命前、现在和未来（21 世纪和 22 世纪）CO2
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